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(54) SEMICONDUCTOR ELEMENT AND SOLAR 
BATTERY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor element and a solar battery at a low 
cost which have high efficiency, safety and long life. 

SOLUTION: In this semiconductor element, a 
compound semiconductor layer containing nitride 
based compound semiconductor composed of at 



least one element selected out of at least Al, Ga 
and In, and nitrogen element is formed as a window 
layer on a semiconductor substrate. In this solar 
battery, a compound semiconductor layer containing 
nitride based compound semiconductor expressed 
by a composition formula AIXGaYinZNW, where X, Y, 
Z and W show composition ratio, and satisfy 
0.8^(X+Y+Z)/W^1.2 and 0.1=sZ/(X+Y+Z)si1.0 is 
formed on a semiconductor substrate. 
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(57) imm 

mS\ <S=lXhT\ B»*Tfc»J» Lfrfc££Tft 

3„ ¥^8«±(C mm&tf/K IxGayl nz 

¥jgtt/f£WU 15X. Y, ZKtfWtt*flJ&tt*aU 
0. 8^ (X + Y + Z) /WS 1 . 2, io, 0. 1 ^ 

z/ (x + y + z) gi. o^3Sfc-rci:^^'<a^-r^ 



m&m 1 i ¥#f*s«±ic < 1 1 a i , g a 

[IS5R3S2] iwfBfb^l^jiWifr. **Stf/X(i 
/\py>7t*50. 1 ~40 a t o m%^r^.fS3<^ 

fro. SutBfb^¥*f*e*\ C Si, GeMSn 
fr 658tR^ tt£ 1 ^©Tc^^^-T^IS^ 1 Xl± 2 

[ff^4] BufB¥«tt»«frnSi<7M5^32£*L. 
fro. ffifflBfb£4fe¥*f*Jltft Be, Mg, Ca. Zn 
StfS r frSiSJRJft* 1 J-X-t<7)^3t£^lnr£i§3£Ji 
1 Xli 2 IclBtStf^ti^T. 

[H &m 5] huIb***s«6\ ->u=i>fre^^ii 

>RJ1 1 fr e. 4<D^-rtlfrlCtBK<D**i*:^„ 
[fM<Jl6] bu13>"J=J>£\ *£&v"J=i>. 

1«5RJS 5 lC|BK<D¥^f**^„ 

I ASS7t^fr6SiR?n^ 1 J-X±<7>7t3i<»:. 

liA s tfrSJ&^ii^Jii fre>4<D^-rnfriciBttro¥ 
-r 5-r hxfbdiwr&4:«nff4ii fr64<D^r*ifrtc 

IBicflJ^^lft^-^o 
[»3&JS9] HufE¥Stt««£fb-&*to¥^f*»£<*>Fia 

0] BijfB^^Sfr. I nHSWMiSt 
<7)^fr t.^:^fi5RiS9 lcIBig<0¥«i**?o 

1 OlClBKCD¥»i**?o 

[ft^m 2] mE2it&VB¥m&mJ3izf<pfflmt)\ * 

ti¥ft. C. Si. Ge&tf S nfrSSIRtrn* 1i-X± 

(^Tzm^s^ fro. BuiBit'P^aicssnsBaiBTc^tD 

SJtfr. BuiB<bS^#^<*^lc^$tx^BijlB^©^S 

<tu<gi>ii^Ji9fr6 1 1 ©t^-rtifrtci3«^«(*^ 

tM^Jll 3] Suffiib^^ft^S^^F^fr. * 
tlftU Be. Mg, Ca, Z n StfS r fr ^jgiR^tl 
S 1JX±©7c^£#«k fro. MIB't'F^lc^^tl^BU 
I37c^©5«Jg*\ B5I3<b^^#<*^lc#$tx-5BuI37C 
H§tD3IJg<J:tH£l^lij£JI9frS 1 1 ©l^ftfrKlBKtf) 

[ff;JUS14] S513<b^*!a¥^<*aSl/^^@fr, 6 



I3ew^(*^? 0 
[|*^ 1 5 ] ¥^i*«*5±lC. mmiKft A I xG a y 
I nzNwTSJtl^^ib^^b^^^aWr^^b 
#fe¥3M*J|«aU MX, Y. Z&imi*Bf£tb£il 
U 0. 8^ (X + Y + Z) /W^1. 2. fro. 0. 
1^Z/ (X + Y + Z) SI. OfcjS/cTCtfcltS&i: 

m&mi 6] s«±ic '>^<tt. mfigiCfrA i 

XiGayi I nziNwiT«**l*a<b»IR<b^»*8*#* 
**T*fts£tt¥SW«i, Rt>lSj£itfrA I X2G a Y 2 ' 

C affile* U HijlBX 1 , Y 1 SD"Z 1 
liMtb?iL> 0. 6^Z1/ (X1+Y1+Z1) 
^1.0 Zffitc U huIBX 2 , Y2SlfZ2 liSl/5£lt£ 
^L. 0^22/ (X2 + Y2 + Z2) ^0. 9£jS7c 
L. fro. Z 1&I>-Z2frZ 2 ^Z 

[000 1] 
[0 0 0 2] 

[fi£5R£Da«] 3t¥Wt*^CDl5f?£frS/ulC?Tte 

frMT-£ y . ^-cd^#<»: lt iz&mmcmmT 

fr5A^ct< AW'TSil.tfr^MT^^o JI5?<D*^*M£ 

(iSliSlc^frSJii-yr-r. L&l^fc»S 
i£M<D!llJtfr(£T LT L $ 5 . 

[0 0 0 3] ^-©/cA6^^^m-r^¥#»<0?-6. 
£5^<D3fcAWflJti^T£3©frit3: L < . ISa- 
S i C xfrSS<D^«i:LTg3S5-tlTL^o LfrU 

a - s i c x it c mm& & < * % « fpraj&osa** 

^<&£fr. 702. 0eVt(± (6 2 

Onm) ic^^t. maic^S^tt^lHS^tgfrfS 

[0004] sic mm^m^tc9iTcon^.^i^ 



¥mm*te<. *n<D^tifx^;u^-(7)§t?t^5 o o 

tcft^x*/u*-(D»£#1f ic*$ < . x*;U*-£& 

[0005] m&mcmm-czz'j'f ka> k*> -y zf 

fot<DftffilZG a N-£>A I N^>ZnOy<777lS51 
ItfctOTfc y, mtf*I^B&fl£>¥^*S?t?i: LT 

[0 0 0 6] — 7J, iS*» ifeB3c*Sv'\<DC 0 2 <DiitoH;: 

fcx* jl/4f-©B£ff«< igfiD LTfc y . *T't«t 

x^WU^'-iSi: LTSt^T*-*XTL^ 0 CltlSTlCiig 
hh • ?fS«-> U3ViiII»G a A s ^ I nPH© 
1 1 1 - v l£fb£1!&i¥3H*lc cfc £ ±R«»&$ffif b* tiT u» 
^ 0 x^/U^-^ro-f U-Xblc^-t&fctolcU:. 

^Wfci6lCli*|^«;te<Dg£^P£T*£/S*ig 

[0 0 0 7] ±a!Lfcjiy> ftX^Mi-CDmm'MO^ 

S*^nfcS^«fi^<Dx^.;U^-©3^. 3"c^*> 

y^x±(D^)v^-[t^wmm^ «k y ja^ t se 

oT> 7t^+> y 7°lcffiSt^;&«fre«x^;H?-. 
•3$ ySS^filc^titf^-Slit'x^yU^-S^^igJP 
TSCtlCfc^,, ±^(DX^<7 hJUttttKISft&itLh 
?(*Sft%'E>0><>X *a>tt»X*/U:p-C!>fcf-*tt4 0 
0~600nm ()t¥*>77tLT3. 5~2. 5e 
V ) lc&£ 0 3S B V> y =i >li3t^*> 7 7^1. 1 e 
V x Ga Asm. 4 e VT\ ^n^'ftift 1 1 0 0 n m 
t 8 8 6 n mlc*g=*3 U #ftfft£0>%t>«£[(c£&r 3 

l*JU*-©e-****-?<Dl*Jl/*-flKfetf** 
t\ 

[0 0 0 8] liiCv Hl^osii^icii. ft¥*n*c>® 
Jg<DS?g«c??14t%^-r S^M^fe y , 
gjbMgTT^fcAi). e:o»fiST«Micx^;u*-S^ 
£fc* G a A s liJSmsv' 'J 3 i''^^.tb$!5^^" 



0%^§lt<»:tbiSa<)ial^J!)\ g|£(D=]Xh#S i (cit^-j- 

/c*6j£t5^SIP^lcl*[pj6^t\ G a A s 

t>„ iKDfctofgzlX l-(DS i ±lCGa A 
^#lt^SftTl/>£jb\ £&59!)¥£*HcliS iiGaAs 
<h T'liftS^* •> 7°JbS£ < . ffl£0¥*l{*lc <fc 2><&W.m 

[0 0 0 9] £/c. ^V^^SigtLT^^X^U^- 

it* % fc&b ic it *- Fmmz&-?--i<D?£®.mmz 

SIC Ctlb05#®l:IE?L<!:«^<hli^ 
^lc J; -o Tiat5!t>16^ y s CCD /cyclic cow® 

7e»3g(oii« «n y 5 jiic <t y ^M^m«6-r 

Sic JjUT li a>£T7&B'r £ fca&2E#m&S WH^ffsfiE 

[0010] $rc. T=Ei\yyTX7mit^v =i>ii. «s 

ISiKaAs lcj±'<3t^^> •> ZftfXI? < . rJ^SE 
©*Rix^;i/^-x^^ h;uc«fcyjfi-^<t(DCD. ies 

s i icjt^A^{nj(7)i!RiR^A$ <, B&mmtmzA 

0 0 ~ 5 0 0 n m(DSIi^^Sli<a< , i£ic*^$aSi 
lCcfco^#Sn^^5&!)$li1 0%mmc£t:$L-DT^ 

-So 

[0 0 1 1 ] 
[0 0 12] 

[Se^-^-r^/c46CD#®] BufBISe^>*-r^./c46 
«D#Sli. ttT©a'JT65. BP'S. 
< l > ^<*S«±lc. 'i>^< «tt A I , G a J&Zf I 

<2> HijlB^b^¥^ft®*\ *^Rt//Xli/\n>r 
VTtm^ 0 . 1 ~ 4 0 a t o m%^*i f ^buIB< 1 > lc 

<3> bTjIB*W<*S«^p StDGSM^U 6^ 



<4> m&&m*m&&nMo>Gmm*fiiu t>^ 

mMt^WB^mfcmtiK Be, Mg, Ca. Zn&tfS 
r 6aiK*ftS 1 W±£D7r;m^^Wr^8ijIB< 1 >X 
ti< 2 >lClBK<7)^f*^TSSo 
<5> SuIB¥a9teS1Sfr\ -> , ;=!>'^6^^Mie<1 
> fr <=> < 4 >©f»-rn*»H:|B«©*5W*iR*T'**o 
<6> lulB-> 'J U >Jb\ SSbI^'JuX 'J =l 

SS!S b b b->'J=]>. Xti^ B B H a->U3>T^^HulB< 
5 >lCiSIE©¥2Sttig?T-25£o 
<7> B5fB¥#ttS«tf\ JU8*3itCjiW-5IIIAj£ 
5t^6iltR^ tlS 1 W±<0^»<h. PRtf/XliAs 
<tfre>&SfufB< 1 >fr6<4><D^-f*lJbHcfStta>¥ 

<8> MIB¥»»:«ffi6\ C u*S«5»/lO/M' J 5-r 

trnt^trttzm^ i >6^6<4><o^-rn<)Hc 
[ooi3] < 9 > mtmmtemfatitsvu^mttm 

<10> BuIBffP^)b\ I nSJt^fi&SigiiOJifr 

< 1 1 > 13 IB I n;illgCDgfe3*ia<D/i6\ ft<DXM 
^ipHcipjfroT I njl)g6Mg<^oTl-^BulB< 1 0> 

< i 2 > itiB<b^^««:gsiftf rsmt\ ^*vr 

tl> C, Si, G e&tfS nfre>MtR-£tL% 1 1X±Wtu 
fro, MIB*F^lc^^n^BulB?c*©;ie 
fr\ B5IB<k^¥*«:^lC^$ n^HiJIB^roSlgcfc U 
ffil.MnlE<9>fr5<1 1 ><7)l^-fnfrlcIBi£tf>¥S#: 

< i 3 > mmt£VD¥mwmJkzf<p ?$mh\ 

tU Be, Mg, Ca, Z n RLFS r fr6jitR3-ft£ 1 

uLtoTcSf^^ fro. mttrsmiz^ztizmiiTi 

;I&«fctM£l^BljIB<9>fr6< 1 1 XDl^-rftjbSCfStt 

<14> jtulB<b^¥«t*Jf&t>"t|'Fi3)f fr\ 6 0 0T 
lXTTfPS*n^Bu!B< 9 >fr£< 1 3 XDl^ftfrtC 

[0 0 14] < i 5 > *mtom&±ic. rnm^ftA i 
xGayi niN^m^ri^mimmt^VD^mw^^ 
rzit^VD^m&mzmL. mx. y, zsufwitrntSL 

tt£*U 0. 8^ (X + Y + Z) /W^l. 2, fr 

o. i^z/ (x + y + z) si. o^ss/c-r^i 

< 1 6> S«±lC. tt, SifiEiSfrA I xi G a 



mwm^^(om^L. mibx i , yimzi itmm 

tt£«U 0. 6^Z1/ (X1+Y1+Z1) gl. 
0£jS5fcU buIB X 2 , Y2RtfZ 2 tiiiSJjEtb£*U 
0^Z2/ (X2+Y2 + Z2) ^0. 95:jSfcL. fr 
O, Z1SU : Z2^Z2gZ1^5ISfc-riI<»:^!tt^!<fr 

[0 0 15] MIC BulBISS£ftS>*T-Sfc«>CD#IS(i. 
J-XT<D881*fr$?S: LL\ 

<1 7> iulB^WttSlSfr. SSbV> U zi>frt>J&3iiy 
1B< 1 5 >lc|Bt60*^«-;ftT^S„ 

< 1 8 > M!3fb£to¥s*i*gJb\ TkR^^^-r^tulB 

< 1 5 >Xli< 1 7 >lC|BK<0*lll:;teTfe«>o 

< 1 9 > XAMMfcfafr-D Tft^¥> 7^** < & 
3<fc-Mc, S«5±lc. MlBfb£%¥«Wi;£^C>2J.)U: 
Wib^^tt^^WL. fro, HulBSIStDeiS^^Bu 
IBB^lC&T£<b^¥^ttJi©fE^<tfrg$:£MIB 
<1 6>lCf3tt<7)±P§fi:5fcT£So 

< 2 o > t5f sMstf^ji -> u =i >fr e & 3 bu1s< i 6 
>xii<i 9>icl3i6<o^m>teT-fe^o 

< 2 1 > MI3<b£15a¥§lWifr\ 7jc^^^-^-r^>M13 
<16X <1 9 >S0"< 2 0 XD^mtHCimcD*: 

[0 0 16] 

'>^<<i:t<b^ ! K!)¥#i*^=£ : &U MlCi^icj^i; 
[0 0 17] (¥Bi*mm *&WTm^*>tl2>m& 

JiSB*Slcfcn+3> 1 1 1 Amftmte <=>mtRZft& i « 
^tr^UzmV^'T h2Sfb£*!BfrS&3S«##$ L< 

unvufrpifen^o $/c. SuiBgns^atc^tt-sii 

I Affil^frSil^^tl^ 1 J-X±a?5£R^. PM/X 
«As,!:fr6&^S«<!:LTli. 0>J^tt\ G a A s , G 
a A I As, G a A I P, GaP, AIGaP, In 
P, InGaP, I n A I PUfrptfSn^o CtitcJ; 

^.(f , CulnSe2. CulnS2» CuGaSe2. 
Cu I nGa S 62^©?^*^=!/^^^ h^*!s 
¥®f*^ffl-r-5C:tfrT'$-5c MIC CdS, CdS 
e, CdT eZfOH-VHt&VB^m&Z&mtZZt*, 



[0 0 18] MtStoiNWttB) t(BBfb$»¥5W*iI 

s<b»£fb£*¥tw**s*u mc&mici&c 

Tv ^(Dffe^^^^^LT^^o *>EBfb1MKfkd1fc 
¥SM*tt* 'J>6<ttA I, Gafitfl n (J-XT, 
6 3 5c***ti6T ruiAflOTJIEj 
3„ ) fr£»R^ft£1lX±©roii<hejit^ii£fr6& 

iWBfb^»*Wf*JB«, SESfcLTeDSWJWr*. C 

!B¥J«*S«±K*fSJI£«TS^£lcl*^<*iHJIlc5* 
LT, ^»#S^=&m^RlSgfe/iT*feoT. fro, ¥3* 

fr?*<5„ SKSJKi* KSWKfcl^TIRiRLfc 

[0 0 19] ttEfbd1b¥WtJlfc(i. €«S!«««i-r 
li, *5e^©*»«jft©BMBlc*jW-*Ba5*# [0 0 4 

9] ~ [0054] tmmT&&o pmn^mw 

WfifcfctLTU:, BulB<b£*&¥3W*Jgfcli. n^e^tt 
fcjjVTC. Si. GeMSnfrbI}Rftl51«±<5 

StElcttLTli. 89SBib^**S«*JBl::tt. pSG»tt 
SitBe, Mg, Ca, Z n &tfS r frS.jgJRSnS 

y , ISA&3 l^l*fltt£A<Df b£ft¥*ttJI t S5IB p IX 

ttns©¥»f*a«t©iau:i|£iiw*»$*jB«r*ct 

fr?*£„ ;ia)j$^gpic £ feoT7 l cSam^^^*^c 
tfrT^^o cnS©fb^¥SW*«ttT©¥IW**« 

U\ A l&tf/XttGa&BS&frS&SSIblbiRfbd 

wcttm. iii &Wiftm<Dmf&ik(D£mztiT 

2> I ntDSSJ&ttli, 0<ln/ (Al+Ga+I n) < 
0. 1 ©ffiHT'txfclA, 

[0 0 2 0] C<DJ:5»C. ¥«ft:Sfi^fbdn¥««JI 
lcttfi<b»3Rfb*«i*4IH*fl)»*aBl LfcXftfr £*5* 

[0 0 2 1] mZif* p^v-Uzi>StelCj*LT, 
A I xiGaYlN/n+g^A I X2G ay2N, i^AlxiG 
ayiN/nSA I x2Gay2N. nlGayiN/n+IG 



*5lC^LTx i S^Ga Y 1 I n Z lN/pi^GaY2 I n 
Z2 N - pS^G a Y1 I n Z1 N/p + IG a Y2 I n Z2N, p 
UGaY1 I nziN/pMGaY2N. p^GayilnziN 
/p + !A I X2Ga Y 2NHfrpItgT^U, CftlCfcU. 

d<t^:<. fro— £|«3<0l*a«W«tffl&S*:tl«fc4k P3 

»n:»a*n^aj'Mxydirctti«T*«j:-5Kft*. 
«BA->ya>. ^ B B B ->y=i>, *it->ijax g 

a As, GaP> UtollU 1 ?* h«(C» LTt»IS*ft 

[0 0 2 2] BufBfb^l&tf^WilcW:, 
MPy>Si^0. 1~40atom%a^iWct 
frT^^„ i5tB¥^f*SteJi<og<b1to£fb£%¥Sif* 

». wis a* ?eab« *ue&* *«A©vr*n?*»j:i/> 

fr, #AS<MI£U:l6£fcPa#*<v ftlSA-¥>$£A<D 

ii^icti, *£^K^effi^n^Attiii(oftW9«(^ 

^fcA6. fbd*¥W»Ji4'ic*JR^/>ny>7cJI6«»=«l: 
«^JS^bfr^ST'«*o **-*»/\ny>7cJR*<b£1fc 

£^4*T. 6 0 0 *CJS(T<Dffi!BTfffeft 5 d -t frSf S L 
ft** 'J75ISnt y^afflft^MMMcHttTS 

v 7m& < * y . «ifc3Wt«»it*3«r c <t fr 

S. Jk^Steoi^Tfi, /vf Kpvi>7*7- KX* 

■v s 'j > ? ( h f s ) ic j: y ^fa^;ijsr ^> c t fr t 

[0 0 2 3] BufBM^b%i^t^!Ra¥^mi. ^ST't, 
WSAftS^tt^lgATtiJ:^. ^B B B^li3i^A^^^ 
li 6 ^ASfrS^ LT^TtJ: < . ^-rnfr-oTS ^> 

¥3t&iW6ATt.J:l\, WeA^tt. ^J^lfJliim^ 

miff / \--? - y j p^m i m^mmmci3^Tx&° y h «©si 

httlcJfi^t©fr6X?K-> h*t Mlcx h'J- 
^«cot(D. ^ /c XSIIslf/fT'li— 0(7)®^{5fr «t?^ 
<D&fg<D8 OyoJ-Xi^^Tt^^t^fgLTt^o 
[0 0 2 4] (^tDfte©^) *^0)^«£^lCfc^ 

<S6, *R§ft<Dgt3i<^ 5 0 0 n mj: y S^MOTtliiia) 

?t«frti»n-rnif7tm3S ( i s c) «tiiiD-r^« 



[0 0 2 5] C(DB#. ±IBp5JcD^(*S*5lC«LT 
(i. *SA&&^a^Aa{bS*tf<mM&tf*fllJitt: 
1*. nlueigtt^jjvtC, Si, Ge&tfS nfr6iliiK 
^ft* 1 VL±.<»Jtm<D K-y**WS L. 3tt^** -v 7 

LTl*. e B ^&3lSi^A®tb£ft¥*f*JB;5Kf>t>ia 
Miat. pmfcm&*7jk?Be, Mg. Ca, ZnRtf 

s r fresiiiR^ti* i j-x±©^od p-ymzmmu 

icli, "WfflJBlcK-^S-tl^C. Si, GeMSnfr 
6jMiR?tt£ 1 «±©7aR, SSUiBe, Mg, C 
a, ZnMS r^6jMJR*tl^1 J-X±©tl^*. fb£ 

ic # $ n * z. n 6 OTcXoas <fc y ffi < r 

*, 3 1 6A»t73(p)tcrp|6^oT;s)g3!r©<^:^<fc5tc 

[0026] *%ig<z>¥«i*3R?ti* &a>-sr**:P§®-;fe 

<D^it7D>£ (S3I§*§ [0 0 5 5] ~ [0 0 6 2] ) <h 

wm*\ziB\,i%\t^wjFmwmTbx}tpT&m\,z. 6oo°c 

W£ft14. HMbttlcflttU fi? 
Sft*««(£KBa)»S«aET-s<, MMffcyflHSMU: 
SftTfc y , ftiS^*? <h LT<D±P§m;ft-£ft-te V+f 

>^x^<o«ifig« i i<D¥mwmm±icmm.T 
[0 0 2 7] [*^mjte] 

-s 1 <7>&B£- 
*TLT£*= 

[0028] (¥9f*£4E) % 1 4>M§0>*mifetc£ 



Assstci'txtis sfc, ar^x» s i c>2i£<DS& 
&m±ic «a->y a u asA->ya> 

i\ ->y=i>^B B a <D®^aii. (100) > (11 

0) . (111) »*«BT*Cfc#T**. ->U=l> 
ttH»»*»ftT» y, »3fc«atf 'J** 
it*iRiR-r*fe46lctt««*JS< fSi&fttf fc*. ISA 

[0 0 2 9] ISA^y 3y<D)t¥*t y 1 . 1eV 
7'S ( A IRIR«1 1 OOnmlCfl^n/cfe, ft®£}fS 
Vim* pHli*«T*ttfi < , mift<*>:fc|S§3fcD§t»3Sl.>afc 
SfHttTU 5 0-30 "/.J-XTlcfgT-T *. C®fi:tt*NI 

[0030] «b£tt¥«itJI) 1 <D&m<D±v%mte 
icJJl^Ttt. <b£?«s¥3gf*JItemJI*jg£ % LTV*. 

Gayln z N»7«**l*Sfl;1to3Hb£»¥SM*:££* 
T 5<b^%l^*«cS*^L. iX, Y, ZSt>W«iffl)5E 
it^-aL. 0. 8^ (X + Y + Z) /W^l. 2. 
0. I^Z/ (X + Y + Z) ^1. O^SSfcf 

[003 1] BUI3^b^%l¥^fls:^«, «J8SC#A I xG 
a y I nzN W T«**X*mb%I^b^*SSf*^#« 
Lx N (S*7U*) (Dmi$.lt\,Z*rrZ>/\ K Ga. St>' 
I n <Dmmit<D-£st. BP'S (X + Y + Z) /W©ffi*> 
0. 8~1. ZTSSCttfigST'S'J, 0. 9~1. 
1 T*£*C£#<fcy#* Lt\ (X + Y + Z) /WcDfii 
^0. 8*3l**l.Mi1. 2 5Sx5<!:> tSd^NH^^ 

[0032] *fc» itiBfb««i¥iyf*jiic$«^ti*s 

ib»SMb^**»f*tt, 1 1 1 A )!S7c«©mfi£ib©^i+lc 
5*T* I n©fflfi£]±. IP'S. Z/ (X + Y + Z) ©fi&6- 
0. 1~1. OT'SSJltft^s^T-^y. 0. 1 5~ 
0. 9?fe5Cttf «fcy»$Lt\ Z/ (X + Y + Z) 
<7)ffi6^0. 1*3ST^*<*:. DT^lcMLjgWtfty. 

fctfc46lc«. B5IB^b*!s^b^¥^(*ti. I n^e^S 
^fi£»<!:t-*6\ A I ^Ga$tA,TV5<Tt.tt\ 
[0 0 3 3] *&Hf3lc£s^Tli. X&mtim±(D7£&& 

5Jic3t^<fc y ^ < mmTZ % j: r? -r k/ \*> k*> •> y 
T'S y s mitvomMt^vn^mtezm^z c t fi^^t 



25£o I n N v ?\t 1 . 9 e V T35 

»J 6 5 0 nmlCffl^-r^c I n NKDii^lCli. isM%0) 

m±&m&m%imv> 2 . eevm&ntemizftLTitx 
■> ^s*b*sHb£tt¥SM**«BT* c <t*^ 

[0 0 3 4] -S2fl)»«- 

±<*Mb£*¥3M*s**iU mkj&bwsut* «&« 

[003 5] (WE) 3S 2 <D$gi£<D:fcn-IftU:£l*3S 

[003 6] «b^%¥#ft:Ji) *«IJja>*»-I>ftti* 
BuK»£±t;:. '>^<tt. fBrtjCtf A I xiG a Y1 I n 
Z1 N»iT»£ft*S<b*b*<b£1l^B«;*^*r-r*S 1 
OMb^tt¥SWWi. ftlffiliQWA I X2G aY2 I nz2N 

i2T«* ft*a<b«»<b#»¥sn****r « w 2 <oit 
conaceu Suibx 1 . y 1 st/z 1 

li$fiJ5gj££SlU 0. 6^Z1/ (X1+Y1+Z1) 
^1. 0«BfcU B5IBX2. Y 2 &tfZ 2 
§U 0gZ2/ (X2 + Y2 + Z2) gO. 9£SSfc 
Lx fro, Z1»t>Z2jb>Z2^Zl£;?§/c-r;i < t£<g 

[0 0 3 7] BulBIg 1 <Dfb£*b¥SMWitt. buIBS*61c 
iSl/HBHCHW-StU ffiEB2<0fb£tt¥JIW*Btt» MI3 
£ 1 <0fbd»*aW*/l±'P*-3T» HUfSgJSfr 6stftfc 

it. iBJft£C#A IxiGayi I nziN|i-T&3rtl&S<b&i 
9Kf b«1h¥9»«d* L, III A*gOT*4)ISj*]£<D^H- 
lc*tT£> I n©fflj«tL Z 1/ (X1+Y1+Z 

1)<7Mi#0. 6~1. OT'fi^CttfiiST'S'A 
0. 7~0. 9 T*$5Ct)!?J: y JJ$ Ll% Z1/(X 
1+Y1+Z1) OfiltfO. 6*36T'fe^<!:. ft^-f 

it. I n«£m^^r«tf. A HfGa^m 

[0 0 3 8] B2<D<b£%l¥t»*Wltt. HfiEittf 

A I X2G a Y 2 I nz2N«Ta*ft*B<b*3!Mb**¥» 

^tsu niASi7c^a)$§^it<o^tf-ic*r-r* 1 n 

<7>$Sfi£tL Z2/ (X2 + Y2 + Z2) (DffitfO 

~0. 9T'&£C<b##WT*&y, 0~0. 



0. 9«a?t«t. Bicofb^ttTBttBoft^*** 
rt©*#ft<ft»j» cct. S2 

<JMb^**»i*Jiic#**nsa<b«3Rfb^»¥»f* 

l±. fygBB 1 ®{b$**SW*»H:^W*nsB<b«i»<b 
[0 0 3 9] S fc, Jg 1 £D<b^¥»WglC^W?n^ 

afbft3Rib#-W¥sw*n:*w-* i nommit (z d 

<h. *2flWb£*MI^*B(C**;*ft*H<MWMb#» 
¥*ttU:;fctt£ I n<7)ffl^J± (Z2) <bli, Z2SZ1 

tJtfc&BT**. zi&tfz2#. z 

2 > Z 1 ©MiTSSi:, TM^OM^BiUtf X» U 

[0040] ->y=i>s«±[c, fc£«!i#3M*B£ 1 b 

ffMLfc^lCli. 400~600n rrKDJSl^pHS®® 

*«*§©J:3U:<b£*¥ 
^«:B^2JiJ.x±JB^-rsci:frJ;y»* Lt\ C<0*g 

oic <b-&»*sw*Ji*ajir*ct[cj:y s gssai» 

^S^ii-rseitfrT^So *£*3fl!>*B-Efttt» MIB 
B 1 «>1bd4fe¥*f*B±tc&Ife£ 2 ©{b$»¥*f*B* 

[004 1] suf Big 1 (Dmmxizfm 2 <D&ma>±t*9M 

icfci^T. <b^*b^i*®©ffl^tt, x«^B^3^ 
7, 51f7*— K/W^X***y>^ (RBS) s ~ 

li. ^+f7*- K/^-y-?7.+-\"5fy>^";£fr»$Lt^ 

[0 0 4 2] buIBM 1 O^^St/B2(DH^CD*^m>te 
ICJSI^T. <b"&1&¥®«:@l±. 5 0 a t om%J-XT<D* 

< KP->*i>7t7-KX*f ^UV'? (HFS) (Cd: 

yjfe^fii^ffl^-rsctfrT*, mnmns.*.'*? y-mz 

[0043] sulBM 1 (WSHatfS 2 CD^^<7)±|^mjte 

(caster, it^w^mtemiz-smiEnzmmmtesm 

atN« 6 ^B B B 3sa5t^-rnfr i oT-$ y , E^<»fr i as 
T'*sc:tfr»$Lt^ Mic mmmmittiViffim&t 



©frb^^-y SKA MJ— 7 SfcXJg 
EBffTl* 1 0<DE73<»£\ lil££f*<D8Jt0 8 0%J-X± 
£ TO 3 t> 0) £JM L T O 
[0044] SulBIg 1 (D&WJklfm 2 <D^B^(D*^«>te 

icfcoT. Miesis±ii:, mm. it^mmm^m^mm 

Tx JEl^gfltsET^^^KS-r^CtA^T^^o 

^€#S<t LT i Mcomm^ i £WMb£*¥SM*Ji*K 
ttTfeJclA, 

[0 0 4 5] ^2<D^C0^tt-;ft(Ci>OT> * 

p n^CDS^lcWLTtip njj^fcfto 

iSfcrTtxfclA, 
[0046] S%^i!SiR^S»M^^Ofb^%)¥^«:S 

£i£tt£>is^ ^necosocD^sThv^jus^ 

JfJfiEU *<D h >^;Ug^TO)S^©^fD^:R>tlC-rS 

ckdlt. c©»^*fii*ft4 K-tr>^n7 7"r;UT-f^ 
St^^SJb^^o d<7)/c4{»#®Ta) K-tf>y**XO 
*tU\ £/c/£IS«©}£ifc<D/cA6te;&Tfi£ 

bits £ .taw* LO„ 

[0 0 4 7] £7c. 3S££r->#.;UJ$#<!:&SE:CMg# 
lc«\ <b£1fc¥^WI©^KgMtf#££LTL£3. Z. 

y7©SttWcm\ mtf. iK&X+yyzmm (ft 

lc. K8«©e#S£#i&S£#^<Dfb^¥*9Wi£ 
IStt. ^©/f±K<b£1&¥2gf*g£ft©A8*<»Jl;:7 l 6^*" 



-So Mice^^^S'j^i-r^Tt^cDss^^xTt.fet^ 

[0 0 4 8] Mil pmmmzttLZ. nSG a Y1 I 
nziN/n+^G aY2 • nz2N^ i §i!G a Y1 I r»zi N 
/n^G aY2 I nz2N^>. n§JG a Y1 I nzi N/n+S 
GaY2N-¥>. n§JG ayi I nziN/n+§^A I X2G aY2 
N »E*rW?£ 'A 7i/b; X * J U*'- £ e>g?g<7)x * 

yu=r-<!:tDii^^<-r^iitt»T^^„ ^/c, 

li\ n3Jg*5lC*H,T. i a Y1 I n Z1 N/ p^G a 
Y2lnz2N^ pSiGayi I n Z1 N/ p + SG a Y2 ' n 
Z2N-^>v p^G ayi I nziN/p^G aY2N^f>. p^G 
aYll nziN/p+^A I X2G a Y2 N t?tf>iji§^-t!r#5J 
£T£U« £ <D<fc 3 ICT £ iltlCcfco T* >7='A«igT 

n-o^tfttz<. rtgPT^L/cS^tiair-s^i^ 
fr-^ — ^(D^mmm^^n^tcisb. n : ,mc 
vm* n^gP'ssx u asr £ £ tfT ? * £ 5 k% 5» 

[0049] buIBS 1 <DfP£Rtf SI 2 £D5gtE<D±HSjfe 

J£ftSi£^t> : &li£Jl<b^<h;M£ LTtxtO LS'J* K 
#ALTtJ:l\ ^fc«ulB ; S«l#S<b^*!3<!:I^Wlc^A 
LTti^U »WS»AT* J l>«fct\, 
[0 0 5 0] nmmCDTimtLTlt. IAI (IUPA 
CcD1989^««fb^«,SEKfTfiglCj:^^§^t*1) <D 
Li. IBffi (IUP A CCD1989^ai^b^«.;i»iT 
KfilcJ:^]K#^±1 1) ©Cu, AgSlfAu, IIAlK 

( i u p Acm989&mmt¥$i2 s i£mjtfciz£2>mm 

mt2) (OMg. IIBJ56 (I U P A C(D1989^^b^ 
^iS^niSlil^^^S^til 2) ©Zn, IVAJK ( I 
U P A C(D1989^^b^^;i«JlT)iSlc«J;^)^S^Ii 
14) (DC. Si. Ge, S nMP b, VIAJ5S ( I U 
P A C©1989^»«|<b^«.^niStCcJ:^S?lS^(i 1 
6) CDS. S eStfTe^fflO^CttfT-S^, cpTt 
C. Si, GeJklfSntjmmmo>WfflttL(D 
£LIA> 

[00 5 1] pMffl©?£*i:LTli. I AJ&CDL i . N 
aM*K> IBl^WCu. AgMAu, 1 1 A££<DB 
e. Mg, Ca. Sr. BaSl/Ra, IIB)^<DZn. 
CdMHg, IVA^OC. Si. Ge, Sn&tfP 
b, VIASr (I UPAC£D1989^&&<b^tft£,;£#fTI£ 
lcJ:^ffi?S^li1 6) ©S, S e&tfTe, VIB]g? ( I 
U P A C£D1989^»^b^«i;£eJtiTBglc«i:^]Bl#^« 
6) (DCr, MoRlfW. VIHSSOF e ( I UP AC© 
1989^^b^S5iaciI){filCJ:^ffiE§^ti8) % Co 

(iup a c(D^989^mm.it^^mmimiz 

mt9) , N i (I UP AC<D1989^^fb^«i;£ESC 

rrsfitcck^j^s^tti o) ««jso£c ip 

T-t.Be, Mg. Ca. Z nMS rtflMH*(D$» 



[0 0 5 3] m<P(D7)<.mt>\ K-y\°> hlcSS^-L 

§yffl<*>7^£: LTt*. *#IC, C, Si. GeStfSntf 
ff£L<. p£A§0>7gX£LTU:. ^K. Be. Mg, 

li x 1tlc, Be. Mg. Ca, ZnM"SrAW$L 

[0054] K-t°>^lclinSffli:LTli. S i 
H4. S i 2H6. GeH4> GeF4. SnH^ pSLm 
LLTlt. BeH2x B e C I 2. BeCl4« 

^1/7. hPV^A, v^^/UffiiB. 5>i*-;l/SE»« 

[oo5 5] [*n«jft<DS^;i] *mwo>*: 

Wit. RfSt^SfSSf 1 <h. SfStSl <b±gW?an£rt-L. 

ra^-r 1 Rtfm 2 <DC!i*4-;stt<fc-'(ftiie95 13> 1 

4,!:. tTSPP^P^^LTaSreU fioSfSii 

1 X£8mT£fcA6<D8M5'l 2 1 WIC 

n/ct-^-4t, *mx2>„ 

[0056] Jg 1 SU-Jg 2 <DH*4-Stt<b-«ti^gf5 1 3 . 

1 4li, *tl?tl. SlSfgl <tjIjIL.Mo£J5g§1 
^(pJ^fiiJlcgBB*tlfcP31§tt035^ i ff 5, 6<h. Ctl6 
535^5, 6<DJ5J&i§l <hliStt{IJ<tjIsr3#X^A 
^9. 1 0££«*.£o ft 1 WI^PStt{b-«$ggB 1 3 

{wB<t y sjss i fiijT535e s t^-t^tf x*»a^ 1 
[oo5 7] ?lt, n Tktf&2<»m.n^m't-m& 

2P1 3, 1 4fl)flXiAf 9, 10. IK 1 2[±Wm 



[0 0 5 8] CCKHUlfc^T* Mjg7t«;S<hLT. #J 
ittf, N2 : &ffll^'X»AS9^6SH i g5lC»A-r 

f ) ic&^ftfc -7 p«*;&e 8 icv-r ^7 p^am* 

t10fr^ flJ*. ^£531^61;:^ AT 5o igJ3£? 

<fc y h y y ^/u*' y xisa'S i 2 ct y * 

A-TSiI.tlC.fcoT. ®«±K^b#y^Mb£*&tfM9 
[0 0 5 9] S«>gJgU: 1 0 0~6 0 0°CifiJSTfe-5„ 

^30 o°c<fcy <gi^^ici± 1 1 1 AsaR»«Fx©a«3ti« 
'pr^^\,zw^^t & y ^.f < . Sfia&tf 3 o o °c 

cfc y iBivjfg-icii 1 1 1 Amtm<Dm.n^<D^Lmtm^ 
&#j;yt£<TfcS&sg B B B <h&y-£>-rc\ &tc. mwr 

s„ $fc. ^ne<D^^s<b^!R!)(i, sxiAfi 1 

frSgiJ>!7lt#ALT i t.<fcl\> 

[0 0 6 0] ^fc, C. Si, GeM'S nfr6JSS?* 
tX-5 1 J-X±<DTn^^t,-^X. feStSiBe, Mg, C 
a , Z n StfS r ^6>SJR? txS 1 J-XiWTcSt^tr*) 
X^)ftm^F^OTj5S#J (TJA^Ae 1 1 XlitfAWA^ 
12) d^e^ATSJIttC^oTn^ p^HWffitiD 

c<0Jl^lc(i^Wc<fc-pTti^ 

[0061] iis^aicfc^TSJimi^/i/^-icfcym 

<fc<. NH3tO<fc-5^:g«^<i:**^i:^|5|Wlc^ 
feA"Xm^t.<J:t\ MICH 2^*0^ T*.<fct\, $ 

fc, Buie^m^sfb^^eisiiTk^^iSM^^-rs^ 

MfflL^CitT?^ ClWcfc^lC-r-SCtlCfco 
S«±lCl±S14<bT*-n/clllA]K^<DJl^ a* 

^fiigtct^e-r^^A^Ae-r. ^pfi^wxenfc 



[0062] ±iEmmic3stfz>®H%;mt-m&$i(D% 

i:fcMft7^*> Hc<fc3tOT"t»<fct\, itlSttl 
!¥SfiT'ffl^TtJ;l^> 2«l-X±£WBLTtcfcl,\, 

<fcl\ 1 O<02iai::£l/>7\ 2*H.X±tf>>S14fb;S5££ffl 

c*«^ic(±» i^i i:&Ji?mmimn&<ki&?7e * <fc 5 

£ %m^Z> d t lc cfc o TStta^a&xir./U*'-**:* 
[0 0 6 3] *^<D*:l^l|5feli. S«±lCBua?L/c^ 

Kmmj3*m*E.?zz:£iyTZZo miz. pipings 

ic cfc y , <fc y sfi*<D <fc tt^iiitfTf^ 
[oo6 4] mm.±.Km\mmt-%w^mw^tsit^ 

[006 5] 

(ussflji) >5t>tLfca^{a (ioo) (Dt&ffimtfin 

cm(DpSS i Sffi^*/U^-3lcK-t±. MI2^/f 
LTSIESSS 1 Pi*mM%m®.. H-^-4tc<fcUg*5^ 
3 8 O-OCflDflftLfco N 2 #x£ifi 1 oEm-sttfb-et 

Ji£gM 3cO«'X#A^9cfcyaS2 5mm^55S^5rt 

lC2000sccmiAU 7-T^P-M-»f 

T2. 4 5GH z<DV-f ?Pjfr&iB2)2 5 OWlC-fey h 

©SHiSliOWT'Soft, — H2#>l&%2 4)JSiH 

ait<b-«iesu i 4 <Disxmxm 1 0 £ y us 3 0 mm 

©5SI6rtlC5 00sccm#AUi:o 13. 5 6M 
H z <Dmm%i<Diiit)* 1 0 0 WtC-fe y h Lfc. £»j£f± 
OWT'fio tc C <DttfgT'Sfl 1 <D^«S14{b-«S&SP 1 

3 ©**7SAf i i <fc y o °ct'«j#* n/c h y ^ ^;u«~ 

y?^ (TMGa) <0^^^^^^iJ7'**XtLT 



ILT1 s c cmtgALfc MK. 7KS#S?L/c->^> 
Slat omVolc^^cfc^lc^AL/co £05Bf/\^ 
>K£ft?-$y5£Lfc£/SJ±7J«:6 5 P aT-£oft:„ fiEM 
*6 0»R(,\ 0. 1/umOSi K-7*3g<bG a NJI 

( n mtsva^mwm) ?pisi s«±ic«^s l 

/Co 

[0 0 6 6] £<DGa NgtDzkitljafiE^HFS (/\-T K 
□ • 7*?- K • X+V-S»y tCfcySOSL 

fc ch £ 5 5 a t o m%?S fc„ C <DM<r>%^ -V -y 7 
«3. 2eVT\ SSOnm.fcyS&ftliS^tc^L 

jfech LTfflt^cf^ Ttm^itT.^ h;U^3 0 0~8 0 

0 n m-p*5£ UctC 5, fi&Sfr 6 4 0 0 n mf?i 
?5Sb$«— £T-£y> 3 6 0nm$T'IUS^fiLT 
lV5C£#fofrofc. ftSgm^ItiO. 6VT'*ofc. C 
<OJIi«±l5S i K-y*3?HbGa NJItf&JitLTll 

[0067] (HSS0IJ2) HfiSfltJl tiabBfiS«l\ 
M2£DH*4)S14jb-«$&a5l 4<7>#xa?A ! g1 2 J: y 2 
0°CT<£*#L/c HJ^^UT'ybS-^A (TMAI) * 
Galc«LTl/5lc:^^ t fc5lc^AL/cJ.X^li. 

en tmmoyjfeiz&v, hwcds \ F-y^mitA i 

GaNf mmmt. A lo.2Gao.8N) ZpMS il 

sa i g aNmcoxmmfr/iz-^zm-s.Ltctzz, 

ttH>(D (00 0 1) ®#J&RL/cC<b#tofrofc.> ^ 

<7 hyl/^3 0 0~8 0 0nmT-SO^L/c<i:C:5. 
ft^SSSOnmifTa^xib^li— ^T'^y, 340nm 

^fc C<DcTt(i±lBS i K— y*JIHbA I GaN/I# 

[0068] (StfefiU 3 ) tlfcffl7DfS (100) 

(DpSGaAsit6m\ «r<D±lcH)SgflilJ2 <t|Sll«<D 
£5£lC«fcy, n^ODS i K-^*»bA I G a N^^fp 

^m^X^^ h;U£3 0 0~8 0 0 nmT-Sy^LfctC 
5. SififiA^e 3 8 0 n mS ^T'^»A 
3 4 0 n m^TaL^Jg^^L. ^lS«»^EtD7 l 6t+^ 
izmm? 2> Z. t C <h jtPtJ^ofco ?te*73{i 
0. 7VT'Sofco CKDilitiilBS i K-^**fbA 

1 GaNM^SgchLTlgtlfc^^^LT^^clt^ 

[0 0 6 9] (*»J4) >^LfcV-^7X(D±lC 
Mo5£Xy\*y^lC«fcy 1 ^mJfc/SU ^±111. 
#;£T'«^L/c2 A»mfl5^Sp^C u I nSe2St5 



300~800n mTilJ^ Lfc £ Z 5, fi»fi^5 3 8 
0 nmSET-M^aWi— ^T'fc'A 3 4 0 nmS?lL^ 

<D£<htt±feS i K-y*jR<bA I GaNl^Ii^L 

[0 0 7 0] (HS60IJ5) %»Lfcfi£tt (TOO) W 
p^S i fflfi*«fi*JU$f-3U:*tK *»S2£rtL 
TE*SS 1 l*a*«ffi»ftfL t~*-4lcj:y«R*4 

0 O-CldJPl&Lfc. N2#XSSH 1 ©iB»att<b-«t» 
SP 1 3<8«ft«A«9 J: UBS 2 5mm(7)5^ i S5F l 3lC 

1 0 0 0 s c cm#AU 7-f^PM»f8^LT 
2. 4 5 GH z<D^-f<7U^tHts2 5 OWlC-b-y h L 

y9->?&WLVs J5&W&fro/c„ ZtDEsO) 
S8*ifi«OWT-^ofco — H2*"X^M2<DH*4S 
1i<b— StSSSP 1 4©#A#A«1 0<fcU»I3 OmmOD 
5^l6rt(C200sccmiAU;o 13. 5 6MH 
z©SJa;£<DaS7J«-1 OOWlc-b-y h Lfc„ EWiSliO 
WTfcofc CO«»T*1©lH»>ittfb-flae»1 3 
<0/fX«A« 1 lit) O'CT-Sft**!*: h U y ?;l/2fy 
*A (TMG a) <^Si£M*£*^U7';tfX<»:LTra 
t\ /^7" l J>'9 r U)b^777P- u> ha- -5— £il 
LT1 s c cm#ALfc„ 2 0°Clt«}#*n/c h 
Ws a JOU (TM I n) flDaift^S**** 
t LT\ Jg 2 <DBmf£&it-mt& 1 4 ©flfX»Af 1 

2 <£ >J 0 . 1 s c cmiAL/c. C<DB$/^ hP>I^ 
H-TSO^ LfcE/SEftti 6 5. 5 P a Tfeofco ^EM^ 
6 05Mft\ 0. 3|um©Ga I nNI (■fUWRftft 
«02|3fiUt®|§f£$[i. Gao.8" n 0 .2N) £pS?S i IS 

[00 7 1] l<0G a I n NB<7)*B)5££R B S (^+f7 
*- K • /<77X*tii'J>^) Kcfctl SDSL /c<tC 

^l+x II3-5 (Ga+I n) /NOffifiO. 9 5?^ 

U§/#lt> I n/ (Ga+ln) CDfilfctO. 2T'$o 
7c„ d <DM03t^^> 7 7(i2. 6 e V T\ S§i£&S& 
$li3 0%J-X±T£ofco dCDu n d o p e<DG a I n 
N/lten >A ZOmfrttG. iP^p^S i 
KJJLTniUGa I nNI «S>5E3tW\ Gao.8' no.2 

n) it. m^mim^mcmm^mm^^r. stc 

A M 1 . (HDX&mM LT. TWto^fol-*-** 1 
40B (kil/'^/<7*-H±i!) KJ:»A 3tS®73 

7Jli1. 2 V,*: ©fro 7c, 
[0 0 7 2] (Hfig0iJ6) £16015 £|B]i;S4&«flltv 



^sg?RLfcv'^>^ 1000 p pmmx\~tzvm\t. H 

Si0iJ5<!:|5lttcD7D;ilc«i:y, p^S i 8*S±lc n Sic K 
-t°>^'L/i:Ga I n NJf £ffJJ5EL/c<> £<DG a I nN 

Mommitmmm i <tiwi cz^ofco pisi g*su:*t 

UnfGa I nNI (fflfigiCli, Ga 0 .8l n 0 .2N) 

a* Lrzn%LZ?fr j pfcHz.m&? % z t # t-3-£„ z <r> 

pSS i S*5±lCfiEKLfcnSGa I n NJltf>X$!g|H]ffr 

/\°^->^SiMLfctc:5, ?-<f5W*<r> (000 1) Etf 

J&KLfcCtfrbfrof;:, AM 1 . O^Tt^BBWLT. 

±ib t m c^bic <t y ftfi«*ji#i* s utiles 

1 7 %T& y . 5fc^7Dt* 1 . SVilfro 
[0 0 7 3] (Slfi6fl|7) HSfi«tj5i:^IU:»*5=&fflt\ 

m&m stm cjj?£?rgffi&m%: 400 °c £ u n 2# 

x£gn <Dgmst£<b-«3£gin 3©^iAt9J:y 
SMI 2 5mmCDS3S i g5F*3tt1 0 00 s c cmlAU 
^•<^n;^S? ! S8^LT2. 45GHz(D7-f^P 
&£fcb732 5 0WlC^-> hL^i-^-r-V>^>^IX 
tttt«irofc. C<DBS©SM;miOWT^o/c„ - 
H 2 «'X^m2CO^S1t^b-«iii&a51 4©tfX# 
At 1 0<fcyjl@3 0mm<D63? ! »6F«g(c2 0 0 s c c 
m|AL/c„ 13. 5 6 M H z (DnmftXD&t)* 1 0 0 
wte-fe^hu/cc 5tti&l*ow?&Qfc. cwttfiST^ 
1 CD^Stt<b-«SSgB 1 3<D#X^A^1 1 cfc y 0°C 
■pfi^tftlfchyy^-iUzJy^Z* (TMG a) COsgM^ 

mm*** 'j-rfixtLzmiK j^u v^l^a^s^ 

X7n-n> hP-^-^JMLT 1 s c cmiAUc. 
—73. 2 0°Clc«J#^tl, ^k»Sg»^L/c->7>^1 00 
OppmiAL/ch'J^f/KV-^A (TM I n) © 
S^^^r+^UT'^X.tLT. ^2cDJ^*43ttfb- 
«*£gfl 1 4 CD«7.^Ag 1 2 <fc y 2 s c c m^A Lfco 
MIC S 1 WI^*4>S^b-«^g|5 1 3<0f7«Af 1 1 
J: 'J *i W Lft->7 1 0 O 0 p p miA b/i:„ Z. 
(Om/^ l-n>HSi+TSiJSL/cSf5EE7Dli6 5. 5 P 
aT£o/i„ ffil^60m^0. 3f/m0nIGa I 
nNI (Sa^«Gao.3 I no.7N) $pSS ili± 

[0 0 7 4] lOG a I nNfODfflffi^RBS (^+f7 
It. IP'S (G a + I n) /isXTMItiO. 9 97'Soft. 

iii /KmTiM^mmtoi^mznr^ \ n&mtii 

it. I n/ (Ga+I n) ©fflttO. 7T'fe'A ?t 
•> y« 2 . leV T'fe o fc 0 

[0075] git^T. m i <Dmny&mt-mi&& i 3 <o 
#x^a^ 1 U'A 0 °ct-«j#^ nrc i- y ^ ^/u* y 

(TMG a) ©la^Sf * + 1 'J 7tfX i: LTffl 



U1 sec miALft, —7j. 2 OXlcUftZtlfc h 

vtTiWWu (TMin) (Dmn&mm&i^c'j 

At 12i'J0. 5sccmlALft„ StC m2(0m 
*4S14fb-«!^gP1 4©S7iAI1 4<fcy7j<i|t?jlfRL 
/c->7>?3 00 0ppm#ALfc„ £CDB3/\3 l-P> 
S^ftT-aOS L/cStSE^li 6 5. 5PaT'^ftoi 
Bte3 0SMrl\ ±130. 3/jmC0ng}Ga I nNg 

(^fiEiCl±Gao.3l no.7N) ±IC. nSHc K-fc°>?' 
LfcO. IpmWGa I nNI (SSfiKiMiG ao.7 I n 
0.3N) £tt»Lfc. 

[0 0 7 6] CCDGa I nNffiCOiffl^RBS (^+f7 

H\ (Ga+I n) /NtDfiltiO. II 

IA^7tS0)ffi^J±tD^i+lc^'r^ I nCDIglStL 
In/ (Ga+ln) OflliO. 3T*ofc. £tc. K 
¥¥+V?tt2. 5eV7S?ft. pSSS i S*£lC*tL 
TnSGa I nNI (fflfigitttG ao.3 I no.7N) li, 

SGa I nNI (!§£ SCti G a 0 . 7 I n 0 .3N) fcfctLT 

Lx LtcmfttzTfrvmcmm-fz z. 

t%;r>tco AM1. 0(D>£$RSMLT. ilBtl^lC^B 
(C J: U JfeiMJlfttefcSJJt L7c t C 5 2 0 % 

[0 0 7 7] (^fiSflSJ 8 ) S!fe»L7tiB*ffi (10 0) CO 

aiCfeU, 2MC0Ga I nNS^fi£Lfc„ {IU nS 
S i mmcig?2>& 1 COG a I nNJUcte, TkfgfglRL 
/cv^>'£D^tot»tcv^n^>^v ; l-;UMg^2 0 0 
OppmiAU ^ICOGa I n NJf±Ki&W-6*l7cm 
2C0Ga I nN/flCte. *.mffimLrz c s^><Dttt>Vlc 
•>^p^>$->*ir;l/Mg$5 0 0 0 p pmiALfc. 
CftemiKU^CQGa | nNilt pSiSofc. 
nSS i S^lcttLTpUGa I nNf ($BfiEit«Ga 
0.3 • n 0 .7N) li, S^I«lCjg^giJ(J:e^lC/N''J7'^ 

g±(CStte>ttfcpS>G a I nNI (SSJ5£iM;J:Gao.7 

i n 0 .3N) icttLTt. mttKt&icmmzftc, 



z>m$m.mhm*4 5%t^tc a ami. o<DK&m 

t^5^aSl±2 2%TfeU, 7tS3«^)li1 . 2Vi: 

[0078] mmm9) ^Lfcm^m. dooi <o 

pSS dcoS«5±tc|IS60ij7i:lB|«|cD73 
>£lc£y. 2JfcDGa I nNiBStfc. flU pi 
S \mmz&?2>mi<DGa I nN/IKli. TkiS^IRL 

y<r>\Vo t» (C->^ Q<^>£ -;l/M g?100 
OppmlAU micOGa I n N/f JzlCgttStt/c^ 
2©Ga I nN^lct± x tJc^SpIR Lfc->^>£ 5 0 0 0 
ppm^ALTco CoT'M 1 COG a I n Nlli i M£.1£ 
y, M2CDG a I n NJltenMt&oTco pSS i StS 
KttLT iSGa I nNI (fflfiEitliG a 0 . 3 ' n 

0.7N) s£i$(c&dgHc£gMB(c/fy7 , &{t& 

icSttStlfc nIG a I nNI (JfflfiExCli G a 0. 7 I n 
0.3N) icttLTt. W.ttKt&lzBMZttZ?'. 

ZZ\ttfT*ZZo CcD^^to-^tCctoT^etiSStS 
S&S»*ti4 5%<h£ofc 0 AM 1 . OCOTt^BBWL 
Tv ±IB<h|lli:^«lc t fcU7 l 6eW7]#ti^jB'JSL7ctc: 

2 o%tj&»j» Ttem^jiii. 3vtsfr 

[0 0 7 9] 

[#|B/lcD^] *|«E!§lcJ:n«\ i§a&*T- 

fey. Lft^s^T-g^^^^^si/^i^mTft^ 

[Elfficosm&iKB^] 

1 JStSiS 
2 

3 Stt*/!/?- 

4 t— 

5. 6 SIS© 

7 mmfci-oi 

8 

9~1 2 fXiAf 

13 11 cdemsits mt-fltiesp 

1 4 m2CD^S14^b-«^gP 



mi] 




